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1. Of Overview 77 

The MAXC micrcprccessor is interded tc be a reasonably 79 

general purpose processor, customized to scire extent fcr PCF-l? 80 

eir.uL? tion. It is used as a central processor and disc ccntrcller 8 1 

in the MAXC system. Physically, the prccesscr occupies 2U card 62 
positions in two Augat card cages (19" x 8.7") r and the cisc 

ccntrcl occupies 8 care positions in a third cage. Figure 1 is a 8 t 

legical blcck diagram cf the processor. It is organized arcund a 85 
36-bit bus, on which all transfers between subsecticrs cf the 

machine occur. Data transfers to and frcm this bus and all other 66 
functions in the machine are under contrcl cf a 72-bit 

microinstruction word. A machine may be configured with either 67 
1(724 or 20^8 words of instruction ireircry. 

Two fields in every microinstruction specify a hus source, 69 

which loads data onto the bus, and a bus d esti nation which reads, 90 

and usually stores, the data. Sometimes a single value of the 91 
source or destination field may specify additional operations, or 

several different source or destination values may specify the 9 2 

same bus operations. These peculiarities are specified in the 9 3 

appropriate section of this manual. The sources and destinations 94 

are listed and their properties summarized in- Appendix C. In 9 5 
general any source may be sent to any destination, with the 

following exception: a slew source may net be sent to a slow 96 
destination. 

Slew sources are: 99 

a local memory 1 C1 

NOT F 10 2 

the ALU; ' 1 CJ 

KSTAT and KUNIT in the disk interface 10 c - 

Slow destinations are: 107 

a local memory 109 

Y if the next instruction contains PQ PCY [Y] 110 

Q if the next instruction certains CCCC or C£VEN 111 

There are also two function fields Fl and F2 vvhich invoke 1*~ 

varicus actions supplementary to the source-destiraticn scheme. 115 

These actions are specified where appropriate thrcughcut the lit 
manual and summarized in Appendix C. 

The machine is synchronous, with a cycle time cf 150 ns. The 119 
technology with which the processor is implemented is 7 UK TIL; 

K:»s are mounted on wire-wrap cards, and the back panels are also 120 

wire-wrapped. An exception is the 1£2U x 19-bit memory card 121 
which is used for the instruction, dispatch, map, and scratch 

memories; this card is a printed circuit. All cables exit the 123 

processor frcm the rear edges cf the cards. ]So special 12*» 
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mechanical provisions are required fcr cabling. The processor is 125 
cooled by a fan unit which mounts iirrrediately belcv the processor 
card cage, and powered by a power supply mounted en the bottom of 126 
the cabinet. 

The external interfaces to the processor are shewn cashed in T2c 
Figure 1, and consist cf the following: 

1. 8 disc unit cables, which connect the disc control 1 ?0 
portion of the processor to 8 2314 or 3330 type disc 131 
files; ~~ 

2. 2 memory port cables, which connect tc twe rcrts of the 133 
MAXC memory system. This memory is a 512K (expandable 1 3U 
to 1024K) x 40 bit ( + 8 error correct ion anc detection 

bits) dynamic MOS system. Access time and cycle time 
are 800 ns. Cne port is used for disk transfers, the 
second for CPU transfers. 

3. One interprocessor communication cable (labeled "TO 
NOVA"). This interface has twe functions. 

a. It carries interprccesscr communication strobes 1->i 
tetween all processors cf the tfAXC system. All 1*,: 
normal communication between processors occurs 
through memory, and these strobes serve tc indicate 

the presence cf messages in mailbox locations knewn 
to all processors. 

b. It is connected to a controlling minicomputer (Cata 
General Nova), which has the task cf monitoring the 
system for errors and abnormal conditions. This 
interface is used fcr debugging microcode in the 
processor under control of a debugger in the Neva. 
The ccntrcl memcry cf the microprocessor is loaded 
via this interface at start up, during debugging, 
and when errors occur during normal operation. 

1.1 N ot at ion 

All numbers in this document are in decimal unless fcllc*ed 
by a E, in which case they are cctal. Thus, 10 = 12B. 
Arithmetic is 2s complement. "~ 

Names for fields in the microinstruction are in Appendix A. 
Registers, memories and data paths are named L, R, P, Q, X, AC, 
Y, E (bus), S (scratchpad), D (dispatcn) , MAP, I (instruction 
memory), NPC, STACK, IMA (instruction memcry address), PAR, KCR, 
MDRL (low 4 bits of the 40 bit memory word), EAILEC (bus and ALU 1«= 2 
branch conditions), F(flag register), AIL" (output cf arithmetic- 
logic unit), G, H, J, * (F register bits). 



o i 



MICRCFFOCZSSOB / lampson, et al. MAXC 8.2 / Face 5 

Xerox Palo Altc Research Center July 26, 1972 " 



Eits in registers (and on data paths like E and AIU) are 164 

referenced by integers in brackets following the register name, 165 
counting from the left as though the register (cr rath) were 36 

bits wide. Numbering registers in this way is compatible with 166 
PDP-10 documentation (it would otherwise be better tc nuirber from 

the right). Thus B£ ] is the sign bit cf the bus, Y[27] is the 167 
sign bit cf the 9-bit Y register, and B[9-12] is the AC field of 

a PDF-13 instruction on the bus. For 40-bit registers like MDR, 16S 
the extra 4 bits are tfEF[36-39]. 

If A is a number with a bits and B a number *ith b bits, then 171 
(A, E) is a number with a*b bits and "~ 

JA,E)[ (3€-fc)-35]=E 173 

JA,E)[ (36-a-b)-(35-b) ]=A 175 

Cestination names always appear as KAME-» and they are the 177 

only names in this manual which are written with a final -. If a 179 
register is both a source and a destination, these are always 

called NAME (the source) and NAME- (the destination). Also, some 181 
operations can be initiated by either primary or secondary 

functions, and these are given the same name in Pi and F2. When 183 
a field in the microinstruction is used to address a memory M, 

the field is called MA (e.g., LA, RA, SA) . Sources, 184 
destinations, and functions pertaining tc the disk "control 

section cf the microprocessor have names beginning with "K". 18 5 

The word "illegal" means "must be avoided by the programmer, 187 

since the result is not well-defined by the implementation of the 188 

processor." The hardware does not check for illegal operations. 189 
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2.4 Co ntro l 1 91 

The control section of the processor consists cf a 12-bit 193 
program counter (NFC) in which the ircst significant fcit if 

currently unused) , a 12-bit x 12-level subroutine stack, crating 195 
tc produce an instruction memory address, and the instruction 
memory. 

The processor has single instruction lcckahead, i.e., the 197 

fetch cf an instruction cccurs during the execution of the 196 

previous instruction. All instructions require one cycle for 199 

execution. An idle cycle (during which an instruction is fetched 2C0 
frcm the instruction merrory, but no instruction is executed) 

occurs only after a read or write of the instruction men-cry. 2C1 

Execution of an instruction can be delayed one or more cycles by 2 C2 
the memory interface; see secticn 5. 

Three fields of the microinstruction are used for control. 20^ 

These are an eleven-bit branch address field (EA) , a five-bit 205 

field (BC) which specifies one of 32 conditions tc be tested to 20 6 
determine whether a branch is to be done, and a two- tit field 

which specifies the type of branch (ET) . The ET field is 2C7 
interpreted as follows: 

T^PE HII.CT 21C 

Sd CALL~(BA field) IF (condition) 211 

1 GOTO (EA field) IF (condition) 212 

2 RETURN IF (condition) 213 

3 DGOTO (EA field) IF (condition) 21^ 

If Bt = DGCTO and the branch condition is true, no interrupt can 217 
occur after this instruction (see secticn 2.1). 

The condition selected by BC (see Appendix E) is tested, and 219 

if true, the branch specified by BT occurs. The branch 220 
conditions which test the values of the ALU cutput anc the bus 

refer to the values computed by the prev ious instruction (unless 221 
Fl = FRZEALUBC and INT=0 in that instructicn, in vhich case they 

have the same result Jthat they >culd have hac in that 222 

instruction). These wrier test bits in registers refer to the 223 

value at the beginning cf the current instruction. Note that the 22* 
complement cf every Iranch condition is also a branch condition. 

Table la specifies how the next instructicn and the next 2 26 

program counter (NPC) value are determined by the current 2 27 

instruction and the interrupt system. Note that a deferred 228 
branch (DGCTO) allows the next instruction in sequence to be 

executed before sending control tc the location specified by BA. 22 9 

The effect of a DGOTO can therefore be cancelled by a GOTO or 23 
RETURN in the next instructicn, and a CALL in the next 

instruction will push the address supplied by the EGCTC. The 232 
effect of DGCTC E[ 25-35] is provided by F2=LCACFC. 
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The 12~level suhroutine stack holds return links for 234 

subroutine calls and interrupts- The ways in which the stack can 235 

be affected by the current instruction are specified in Table lb. 236 

The STACK- destination first pushes E[l-ll], then E[12-23]. onto 237 

the stack; ncrrrally this is corrbined viith F2=NPC-» to provide a 3- 238 

level dispatch. Note that STACK-* sets G=l when E[0]=j& but leaves 239 

G unchanged when 3[<Z]=1. This is the reascn why the first push 240 

is of 11 bits and the second 12 bits. It is illegal tc do a 241 

RETURN in the instruction f clicking one which does STACK-*. No 242 
explicit PUSH operation is provided, since the same effect can be 
obtained by 

NPC-v B[25-35 ]-»argument tc be pushed; 246 

CALL [ .*1 ]; 248 

The stack can be read onto the bus (right justified); it is 252 

Illegal to do this in an instruction which has a CALL, RETURN or 2 53 
POP, 



Nc branch 


NPC 


NFC «■ 1 


No branch & interrupt 


INTAEF 


NPC 


GOTO 


BA 


EA ♦ 1 


GOTO & interrupt 


INTAEF 


EA 


DGOTO 


NPC 


BA 
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Action of Current Address cf Next Next Value 256 

Instruction Instruction (IMA) of NPC 257 

2 5r. 
26 1 
2 62 
263 
26^ 
2 6 5 

DGCTO & interrupt — not allowed; interrupt is delcyec — 26 S 

CALL BA EA + 1 7i~l 

CALL 5 Interrupt INTAEF EA 26 ~ 

RETURN STACK STACK «■ 1 26 9 

RETURN & interrupt INTAER STACK 27: 

Note: F2=LCAEPC makes the next value of NFC be 3[ 25-35] 27: 

regardless of what is said ahcve. 273 

Table la. Instructicr Sequencing 276 



Action of Current Effect en Stack 2 79 

Instruction 280 

261 



CALL PUSH NPC 28- 

RETURN FCF 2 6? 

Fl or F2=POP* POP 28- 

BD=STACK-* FUSH E[l-ll], then 28- 

PUSH B[12-23] 289 

♦ Illegal in the sarre instruction v»ith CALL or FETURN 291 

Table lb: Stack Actions 29* 
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2.1 Interrupts 297 

An interrupt system is provided tc allow high speed devices 299 

such as the disks to be serviced, The elements cf the interrupt 300 
system are: ~ 

1. A flag, INT, which determines whether the processor is 3 02 
in normal mode cr in interrupt mcde. 3C3 

2. Duplicate copies of scire prccesscr registers; see below 3 06 

for details. ~* 

3. A 16-bit ARM register, cne bit per interrupt channel. 308 
This register may be a bus data sink cr scurce (selected 309 
by functions) . An interrupt request fcr which the 310 
corresponding AFP bit is £ is ignored. 

4. A single interrupt enable flag in the F register Jsee 313 
2.2) . 

The first 16 microinstructions are reserved fcr an interrupt 315 

transfer vector. When interrupt n cccurs, the instruction in 316 

location n {9 <~ n < 17B) is executed and INT is set. The 317 
interrupt instruction is simply sandwiched intc the ncriral flew 

cf control, sc that when it is ir execution, NFC contains the 318 
address of the instruction which the program wculd have executed 

during that cycle if the interrupt had not occurred. The 320 
interrupt instruction must contain an unconditional CALL to save 

NPC en the stack and send control to the start cf the interrupt 321 

routine. The last instruction of the interrupt rcutine should be 322 

a RETURN which includes the IFET functicn. This function clears 323 

INT and restores the state to its pre-interrupt value. See below 32U 
for a description cf the timing. ~" 

The scheme just described works only if everything currently 326 

known about the sequencing of the rrair program is contained in 327 

the NPC value, since this is not the case immediately after the 328 
execution of an instruction which loads NPC with anything except 
IXA + 1, an interrupt is not permitted to cccur after such an 
instruction, but must wait for a ncre eppcrtune ■ moment. Only 
instructions containing F2-LOADPC cr a successful CGCTC have this 

problem, and the processor automatically inhibits an interrupt 331 
frcm occurring in the cycle after these instructiens. 

It is the programmer's responsibility to inhibit interrupts 333 

in other cases where that is necessary by setting F2=INHINT. 334 

This must be dene 335 

1. If BD = RKW-. cr Fl = RKfcREF cr Fy.fcFEFCX*, since an 337 
interrupt cannot be allowed during the FM phase of a FtfW 

memory reference. The processor automatically inhibits 33 8 
interrupts after every instruction cf the RM phase 



329 
330 
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except the first, so the programmer need crevice F2 = 339 
INHINT only on the" instruction which starts the 
reference. 

2. If BD = WRITE-* or Fl = WREF cr VREFD>K and PER does not 3U1 
yet contain the data which is to he written (see section 
5). If another instruction is executed tefcre MDR is 3U2 
lcaded7 the prccramir.ee rrust have F2 = IKE INT on that 
instruction also. It is net necessary to I Mil NT on an 3Uu 
instruction containing WREETART, hut if by the end of 
the instruction after the WFESTART, KCR is ret leaded, 3U : 
then that instruction irust INHINT. It is not necessary 3^. 
to have F2 = INHINT en the irstructicn which leads MCR, 
since an interrupt after that instructicn causes no 347 
trouble. 

When interrupts are inhibited, any tending interrupt is simply 3^' j 
delayed. No pending interrupt request is lest. 35 

However, if the IPEQ level which requests an interrupt is 35.. 

reircved before the interrupt occurs, j.t will be fcrgctten (see 35 > 

the end of this section for a note on the tiiring) . Note that a 35* 
leep censisting entirely of instructions with successful DGCTC*s, 

LOAEPC's or INHINT's will lock cut interrupts indefinitely. 35 r 

Because micro-interrupt rcutir.es are used fcr data transfers 
to and from the disk tacks, it is iirtcrtant to 3voic tire- 
consuming state saving and restoring by micrc-interruct routines. 
With a single disk unit in operation, each additicral iTicrc- 
instruction in the interrupt routine reduces thrcughput by 1%. 
Consequently, considerable extra hardware has teen tut ir to 
automate state saving and restoring during interrupts. 

Curing non-interrupt instructicn executicn, duplicate 
registers for P, X, Y and EALUBC are leaded whenever the primary 
registers are loaded. Curing an interrupt, however, these 
duplicate registers remain frozen at their fcrner values. The 
primary X, Y, and EAIUEC registers are leaded frcn the duplicates 
by tre IRET function. The first instructicn cf the interrupt 
rcutine is expected to save NPC on the stack ty calling the 
interrupt routine, and to save C in one of the register hanks, 
say at SAVEDQ; this is why duplicates rot Q and NPC are not 
provided. The final instructicn cf the interrupt routine must, 
tc restore all these things, include: 

IRET, RETURN, C-SAVECQ, F-Pl 372 

A duplicate register for KUNIT is alsc provided, but this is 3 75 

handled in a different way, discussed in section 7. Also note 37f 
that AC and F are not duplicated (because interrupt routines only 

change F intentionally and don't use AC) . 377 
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The interrupt system accepts 16 levels called interrupt 379 
requests (IFEQi, i = to 15) . Interrupt i will cccur after the 380 
execution of the current instruction if: 

1. INT = 9 (i.e., no interrupt is ir progress) or Fl = 382 
~ FFEIFET in the rrevicus instruction. Ncte that this 363 

iirrlies that if PPEIHET is ret used, at least one non- 
interrupt instruction is executed after each interrupt 
routine is done, before the next cne is started. To 385 
avoid this, the next tc last instruction of the 
interrupt routine should specify Fl = FFEIFET. The next 386 
instruction after one which has PREIRET must have IRET. 

2. IENAELE (a flag register bit) = 1. fcfcer the interrupt 389 
system is disabled all interrupts have tc wait. 

3. Mo PEAC-yCEIFY -WRITE is in its FM phase (i.e., has 391 
~ started to read but net started tc write). The 393 

instruction which issues the FKW dees not automatically 
inhibit interrupts, and the prograirirer crust do sc for 
that instruction. 394 

4.. The current instruction does not have E2 = INHINT or 3 96 
~ NPC- or a successful DGCTO. 3 97 

5. i is the largest number fcr which ARMi ANC IREQi = 1, 400 
~ i.e. interrupts with bigger numbers have higher 
priority. 

Changes in the value of IRE£, AFM or IENAELE dc net affect the 403 
interrupt system until the second f clicking instruction. Thus if 4 C4 
instruction i clears IENABLE, an interrupt ma^ occur (if the 
ether conditions are satisfied) after i or after i + 1, hut will 405 
net cccur after i+ 2. 
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2-2 Flag Register 

The 36-bit flag reqister F serves as a repcsitcry fcr various 
flags in the processor and provides a ruirber of qeneral- purpose 
single bit flags which can be conveniently manipulated. Seme 
bits of F are set cr cleared by assorted events in the processor; 
these are mentioned in connection with the description cf the 
relevant event and summarized in Appendix F. In acoiticn, there 
are operations which wcrk on all the bits cf F; 



are 1 in S L s 1 
anch condition is 
a branch if the 

ch are 1 in §[s] 
arch ccr.citicn is 
a branch if the 

ar.ch ccr.citicn is 

is false {there 

the ccr.citicn is 

ed by S[s][32-35] 
f (F AND £[ S] AND 



All cf these are specified by functicrs except KCT F, which is a 
bus scurce. SETSF{s] is also a F2. G, H, J and K are bits of F 
which car. be tested by branch conditions; they can alsc be set in 
a variety of ways (see Appendix E) . 



uc / 



NOT F 


reads NOT F crtc the bus 


SETF [s] 


sets the bits cf F which 


SETFC[s, cond] 


dees SETF[s] if the tr 




true (there will alec be 




cenditien is true) 


CLEARF[ s] 


clears the bits of F whi 


CLEARFC{ s, cond] 


does CLEAFF[s] if the tr 




true (there will alsc be 




condition is true) 


£E1FB£ s,cond] 


does SETF[s] if the tr 




true, CLEARF [s] if it 




will also be a branch if 




true) . 


£E1SF[S] 


sets bits of F select 




(i.e., K, J, F, and G) i 




-20E) #3. 



For i - Z, 1, 



35, if 



1) 



2) 
3) 



the instruction contairs SE1F, CLEAFF or SETFE, or 

if it contains SETFC or CIEARFC ard the branch 

condition is true, or i > 32 and it ccntains SETSF; 

tit i cf the word read freir S is 1; 

bit i cf the flag register (F[i]) is being set or 

cleared independently by seme ether cart of the 

processor; 



then the new value of F[i] is the OR of the value it wculc have 
gotten from (1) and (2) above, and the value it vould have gotten 
from (3) above. 
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l" 9 Arithmetic /Logic Section 454 

The arithmetic/logic section cf the trccessor is shovin in the 456 

left half of Figure 1, It consists of two register banks I and P 457 

with 32 registers per" tank, two working registers P and Q, 
multiplexing for inputs to P and Q, and a 36-bit arithiretic/lcgic 458 

unit (£LU) . 

3.1 Register Banks 



1) 


A 


2) 




3) 


A 



The AC register can be loaded from 
E[ 32- 35 J 



461 



The two register tanks are addressable frcm t*o five-bit 463 
fields LA and RA in the microinstruction, or frcrr the low order 

five bits cf the 8-bit X register, or from the 4-tit AC register. 464 

The source cf a register bank address is determined fcy the 465 
appropriate A field as fellows: 

or 1: take the address frcm X 469 

2 or 3: take the address from AC 470 

4: address register 4, hut never write intc it 471 

(see fcelcw) ** 7 2 

4) A > 4: address register A ** 73 

The above rules irrply that registers 0-3 car. only be 476 

referenced frcir X cr AC, and register 4 can be stored intc enly 477 

when addressed via X cr AC. For the left bank, if LA = B (2) and 4 78 
X [ 32-35 }-2 (AC=») , the instruction will read the value 

regardless" of the contents cf the register addressee and will not 479 

write into the register tank. This kludge is pro\ided so that 4 80 
PCP-10 indexing and self-instructicns can be emulated 

conveniently. RA=1 {3) is the same as RA=0 (2). 481 

The X register can be loaded from 4 84 

E[28-35] 485 

B[14-17] (PEF-10 index field) 486 

E[6-1I] (PDF-ltf byte pointer size field) 487 



469 
490 

B[9-12] - (PCF-10 AC field) *» 91 

Both registers may be incremented and decremented with 4 94 

functions and may te read cnto the bus (right justified). X[ 3iJ- 495 
35] may also be read onto the bus left- justified (i.e., into B£ 0- 
5]); this puts it in the PDP-10 byte pcinter position field. Two 
branch conditions exist to test the sign cf X. The value cf X 
(but not AC) is preserved across an interrupt. 

In each instruction it is possible tc read from or write into 499 

(but net both) the left register bank, and independently to do 500 

the same with the right register hank. The decision en whether 501 

tc read or write is made as follows. If the register tank is 502 



4 96 
4 97 



5( 
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addressed by PS or QS, it is read. Otherwise, it is written 
unless the rricrcinstruction addresses register 4, in vhich case 
nothing is done. Note that LA=fl or 2 may override this fcr the 
left bank if register is addressed by X[ 32-35] cr AC. 

J- 2 P and 2 Registers ; Cycle and Mask 

The multiplexers on the inputs tc F and Q are under control 
cf twc fields PS and QS in the microinstruction. The possible 
inputs for the working registers selected by these fielcs are 
given in Tables 2 and 3. P and Q are always leaded vith the data 
specified by these tables with two exceptions; F is net leaded 
if Fl = IDPALUH ANE ALU0=K; Fj6 is not loaded if P2 = ASKCVF. 

When P is loaded froir- anythirg excect B, Fl cr ALU RSH 1 it 
is pcssible to mask the input with 2 + *n - 1, i.e., keep the 
rightmost n bits of input and zero the rest. This action is 
selected by cne of four functions: 

Function N 

SAMASK NOT SA 

3AK.ASK ^T IP 

AMASK AF (Units N tc < 40E) 

XKASK X register 

where the mask length n = FAX (36, N mod 64). Jf H is net cne of 
these four, no masking takes place. 

Note that the mask and PS features allow an arbitrary field 
tc be extracted frcm P (or Q, using FCYCC cr NCTMU, using 
RCYNCTALLQ) and put into F right justified. The field can be 
specified either by the instruction (using cne cf SA, PA and AF) 
cr by the X (length) and Y (right cycle required) registers. 

F2=7«SKOVF # in addition to inhibiting the leading cf F2, sets 
the flag register bit OVF to 1 if P£/?l; the interred use is to 
set CVF if a left shift would have changed the sign cf F. There 
are branch conditions (CCCE, CEVF.N) to test the bcttcrr hit cf Q 
at the start cf the instruction. They are illegal if C was 
loaded froir a slew source in the last instruction. 

In normal mode (INT = /5) , both F and Fl are leaded when 5 

leading of P is specified by the instruction. In the interrupt 5 

routines (INT=1) , the loading cf Pi is inhibited. Fl thus r ) - 

preserves the contents of F across the interrupt routine. The 5- 
last instruction of the interrupt routine should therefore have 
PS = Pi as well as IRET. 



c i 



; — 
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3.3 Arith metic and Logic Cperations 547 

The ALL' can compute all 16 Eoolean functions cf P and Q as 549 

well as a nurrber cf arithmetic functions- Its operation is 550 

controlled by a 5-bit field in the instruction called AF. The 551 
values of AF which produce the various ALU functions are 
specified in Table 4. 

The arithmetic functions (AF > 29) are affected ty the value 554 

of CARPYIN, which is Of urless cne cf the function Jielcs selects 555 
1 (Fl or F2=CARRY1) or J (F1=CJSSJC) . 

In addition tc the 36-bit result specified by Table 4, the 557 
ALU provides three additional tits for the arithmetic functions 

starred in Table 4. 55 8 

ALLC& is the carry out of bit 9 from the twos-complement 560 

add specified in parentheses in Table 4, 561 

ALLCl Is the carry out of bit 1 564 

CvERFLCK is ALUC0 / ALUC1. It is 0.if the 36- tit twos- 567 
complement result correctly represents the 

specified function, 1 if the result is wrong by 568 
t 2 ' JS 

The function SETOVPC01 sets flag register bits FC0 and FC1 to 570 

the values of ALUC0 and ALUC1 respectively and crs CVEFFICW into 571 

flag register bit OVF. The function CJSSJC sets to AIUC0. ~The 57 3 
function SETHCVF sets K to ALUCJC*ALUC1. 

The value cf the 36-bit ALU output relative to is stored in 575 
BkLVbC and may be tested ty a branch condition in the next 

instruction, ALUS (for FCP-lfr floating point normalization) and 577 

E£ are also stored in EAIUEC and iray be tested. This information 578 

is automatically preserved across interrupts," It INT=0 and 579 
F1=FRZEALUEC, EALUBC is frozen at its previous value rather than 

being updated to reflect the results of the currert instruction- 580 

2* u Communication wit h the Bus 583 

The arithmetic/logic section communicates with the rest cf 585 

the processor via the bus (aside frcir flag bits and branch 586 

conditions)- As irenticned above, X ard AC can be loaded from or 587 
read onto the bus, and P or Q can be leaded from the bus. 

Loading cf ? and Q is controlled ty FS and QS as described above 588 

and does net require the destination field. Note that P and Q 589 
ar€ always leaded so it is the programmer's responsibility to 

have FS select P and QS Q when he does not wish the values to 590 

change. In addition, C and the ALU result may te read onto the 591 
bus by specifying them as sources, and there is a function 

READALC to or the ALU result with the bus value specified by the 592 

source field. Note that the ALU is a slew bus source. 593 
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PS (octal) 

0-46 

47 

50 

51 

52 

53 

54 

55 

56 

57 

64 

61 

62 

63 

64 

65 

66 

67 

70 

71 

72 

73 

74 

75 



76 



P Input 




Notes 


(see next 


PQ RCY[j8-46] 


1 




B 




cannot 


be masked 


PI 




cannct 


fce iraskec" 


ALU 








ALU APSHC 


1 (Pfl-ALLCfl) 


cannot 


be masked 


L LSH[ 3] 




4 




L ISH[2 ] 




a 




L LSH[ 1] 




4 




I 








L PSH[1] 




4 




L RSH[2] 




4 




I RSH[3 ] 




4 




R LSH[ 3] 




4 




R ISH[2 ] 




4 




R L£H[ 1] 




4 




R 








R RSH[1] 




4 




R RSH[2 ] 




4 




R RSH[ 3 ] 




4 




PQ LCY[ 3] 




1 




PQ 1CY[2] 




1 




PQ LCY[1] 




1 




unused 








PQ RCY[ 44- 


■Y] 


1,2,3: 


Illeqal 



77 



PQ RCY[Y] 



unusec 



was leaded on the 
previous instruction, 
cr if i:;t = i. efwapz. 

1,2: Illeqal it Y v>as 
leaded frcrr a slew 
source on the pre- 
vious instruction. 



5ca 

6CC 
6 1 

6c: 

6 C ' 
6C - 
6C T 
6C* 
6C ■ 
6C- 
60' 
61 . 
61 1 
6K 

61 • 
6 1- 
51 • 
6 1- 
61" 
61 

6 1 ■■-' 

62 " 
62 1 
6 2," 
62- 



62 t: 
62" 

6 2 = 

63C 



Table 2: P Input Selection 



633 
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Notes: 63 6 

1. FQ is a 72-bit number which can have cne cf the following 63 8 

values: 

C end iti en left 3 6 bits R ight 36 tits 641 

FI or F2=RCYQQ Q C ~ 542 

Fl or F2=RCY0Q Q 643 

F1=RCYNCTAL0*C *CT ALU Q (must ha\e AF<20B) 644 

otherwise P C 6ii5 

The resulting P input is the leftmost 36 bits cf the cycled 72- 648 

bit number. 

2. Also sets H to <Y > 44B). If Y > 44E, then let C = (Y IF PS 651 
= TQ RCY Y ELSE 44E-Y KCE IStfE IF PS = PQ RCY44E-Y) . Ihese 652 
functions cause the P input selecticr tc be accomplished as if Y 

and 77E or (44B-Y) AND 773 were in the FS field to begin with. 653 

Note that if Y can contain a value causing either I or R to be 654 

read into F it will not be possible tc write intc L or R during 655 

the sarre microinstruction- BEWARE, 656 

3. Ncte that RCY443-Y is not the sarre as ICY Y, since it is also 658 
necessary to exchange P and Q, 

4. Zeros are shifted into the vacated bit positicrs. 66C 



Table 2: P Input Selection (continued) 663 
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1 Q LSH 1 Q35^{hLUQ7'S) IF Fl=Q35ALLG ELSE 673 

£0 IF * ELSE 677 



2 



£. 


Input 


L 






C 


LSH 


1 


ALU 




C 


RSH 


1 


R 






Q 






R 


RSH 


1 



Votes 



£35 IF * ELSE 



66? 
67C 



67^ 



3 Q RSH 1 C<?-F35 IF F 2 = AS HOVE ELSE 6 82 



6 69 
6^C 



6 R RSH 1 C&-ALU35 IF PS=AL'J RSfcl ELSE 6^3 

R35 IF * ELSE *^ 7 

7 B C is a sic* sink if tre next 6 C 5 

instruction has EC=CCCT cr £EVEN 7CC 

* Fl = RCYQQ or F2 = RCYCC or Fl = FCYNOTALUQ 7 C2 



Table 3: Q Input Selection 7C5 
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AF 


Pesult 


AF 


Festlt (add 1 if C 


:ai 


iPYIl 


s = 1) 


2JS 


CCT P 


9 


P - 1 






712 


21 


ISCT P ANE Q 


1 


X 






713 


22 


NOT (P OR Q) 


2 


X 






714 


23 





3 


2P 






715 


24 


NCT P OF Q 


4 


P ANE NOT Q - 1 






716 


25 


Q 


5 


X 






717 


26 


F = Q (bitwise) 


6* 


P - Q - 1 (P 


•♦• 


NOT 


Q) 716 


27 


P AND Q 


7 


(P ANE NCT C) ♦ P 






719 


30 


NCT (P ANE Q) 


10 


P ANE Q - 1 






7 20 


31 


P/ Q {fcitwise) 


11* 


P ♦ Q (P 


♦ 


Q) 


721 


32 


NCT C 


12 


X 






722 


33 


P AI3D NOT Q 


13 


(P AND C) ♦ P 






723 


34 


1 (all bits) 


14 


-1 (twcs coirpleirent) 


i 


724 


35 


P OR Q 


15 


X 






725 


36 


F CP NOT Q 


16 


X 






726 


37 


P 


17 


P 






727 



* carry and overflew outputs are valid 



729 



Table 4: ALU Functions 



732 
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i£« L£cal memories 7 * 

The processor physically contains three 1Z2U wcrd rrerrcries 73 

with~18 tits/wcrd (plus parity). These are logically arranged as 73 

two 512 word x 36-bit memories called the scratchpad (S) and the 
dispatch memory (D) , and an 18-bit memory called the NAP, since 7^ 

they are physically parts of the sarre memory, S and C cannct fccth 
fce referenced in the saire instruction. All three rrerrciies cm be 74 

addressed frcrr the 9-tit Y register, car. read data onto the bus, 
and can store data from the bus. They are all slew sources and 7- 

sinks. 

There are functions to increment and decrement Y and to 

increment it by 4, and branch conditiens to test its si in. Y can 7.. 

be read onto the bus (right justified) and car fce leaded frcrr. a 

number of places: 

-V 

E[ 27-35] 

B£ 18-26] (page number) 

E[0-8] (PDP-10 epeede cr f lcatir.g-pcint e>pcnent) ~ 

B[0-5] (PEP-10 byte pointer position field) 7 

_ 400B ♦ B[33-35]*20E (converts a disk unit nurrter on the "• 

bus irtc the address cf a 16-ucrd 
table fcr each unit in the upper 7 

half of S) 
(B[18], BI28-35]) (shift ccunt) 7 

Y is a slew sink if the next instruction contains PS = PQ RCY Y. 7 

The value cf Y is preserved across an interrupt. 

it* 1 Scratch Pad Memory (S, SK ) 7 * 

Unlike the other local memories, this ore can te addressed 7 

from~the instruction as well as frcrr Y. The 8-bit SA field is 7- 

used for this purpose. If it is < 23P, it is cr »ed with Y to 
produce the S address; otherwise SA is the address. This means 
that only locations 20B-377B can fce referenced directly frcrr the 
instruction without usinc Y. 



7 -, , 



7^ 



In addition to being read onto the bus, the data from s may 77 3 
independently be sent to F, where they perforrr varicus useful 77 
functions (see section 2.2). In addition to the usual scurce and 
destination values to put S onto the bus or lead it frcrr the bus, 
there are also functions FEACS and LCATS tc do these things. The 777 
READS functicn or' s S with whatever is put en the bus by the 
scurce field. Note that D and S cannct be referenced in the same 778 
instruction. 
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I' 2 Eispatch Memory ( D, D M) 781 

This . memory is physically the tec 512 wcrds of a 1024 word 783 

rreircry cf v-hich s is the bottom 512 words. As a result, it 784 
behaves exactly like a second copy of £ which is selectee instead 

cf S when D is the source or destination or when F2=USEE. Thus 786 

it car. be addressed from SA and is sent to F just like S. The 787 
READS and 1CACS functions apply to it, cut make nc sense since"" D 
can enly fce selectee ty source cr destiraticn. 

D is intended to be used to hold three 11-fcit iricroccde 789 

addresses and a flag for each of the 512 PDF-10 opcodes, but 790 
nothing in the processor hardware constrains it in this v»ay. 

4. 3 Ma p yefcrv (MAF , MP ) 7 94 

Since this memory has 1024 18-fcit words, it r.eecs a 10-bit 796 

address. The Y register is used fcr the tcttcm 9 tits. The top 798 
bit, which in the intended use selects the user map (1) or 

ircr.it cr map (J0) , is taken trcm the current user mede (CUN) bit of 799 

F. In order to facilitate the selection of user cr monitor map 800 
according to the Tenex rules, an instruct icr. in which one 

function is one of the following provides the indicated value as 8C1 

the top bit cf the MA? address, and alsc sets CUM to that value 8C2 
{XCTi are F register tits): 

Fun ctio n Value of to p bit cf MAP address 8 06 

IRFF CLM CR XC1j8 807 

RPZF or RMWREF CUM OR XCTI 808 

3IFEF CUM CF XCT2 8C9 

WREF CUM CR XC13 810 

The functions also set H to the XCT bit which they reference. 8 13 

Note that the REF functions alsc set the G flag (see Appendix E) , 814 

modify MAP, and start memory references (see section 5). They do 815 

not use the tus. Ncte alsc that MAPVA- sets CUM to UK, 816 

To facilitate clearing the MAP, which must be dene every time 818 

the system switches users, there is a destination MAP4-* which 819 

initializes four registers simultaneously frcm E[ 18-35]; the four 820 
are the register addressed by (CUM, Y) AND 1774E and the three 

fcllcwing cnes. This destination also increments i ty 4. 821 
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4. 4 Instruction Memory ( I , IM ) 3 2 

The instructicn memory I iray be read and vritten by the ?2 
following kludge. 



1 2 
r j 

a 3 
next instruction must have a successful CALL, GCTO cr ? 
RETURN -i 



1c read; 

B -* address, ICACFC; 
P - I, DGOTO[ •♦!]; 



Note that I can be read out only into F; it gees ever the fcus # 
but sc slowly that it cannot te sent to any other destination. 
Tc -write: 

E - address, LOACPC 

I - bus, CGCTC[ .*1]; 

next instruction must have a successful CALL, GOTO cr 

RETURN 

If the instruction which references I has E2 = INMNT, I[£>-35] is 
referenced; otherwise, l[36-71] is referenced. Curing the cycle 
after the reference tc I the instructicn being e>ecuted is the 
cne which was referenced, tut seme special legic prevents this 
instruction from dcing anything. 



MICP.CFFOCESSCF / Lainpson, et al. MAXC 8.2 / Page 23 

Xerox Palo Alto Research Center July 26, 1972 



5* & Processor Memory Int er face 



which have side effects ether than siirrly leading registers: 



854 



The rreirory interface used by normal (non-interrupt) 856 

iricrcrrcgrams consists of a 4-8-bit data register (KDP) , a 21-bit 857 

address register (MAP) , and circuitry to implement the request- 
response protocol of the rrain memcry systeir. The memcry 858 
interface allcws the processor tc irake read, vrite, and read- 
ircdif y-write references of several types, scire cf which include 859 
access checking based on the access permission bits received frcm 
the >!AP merrcry. The merrcry interface suspends activity in the 860 
prccesscr under conditions in which a micrcinstructicn would 861 
yield erroneous results if allowed to execute. The cericd curing 862 
which the memory interface is active and in which the prccesscr 
will be suspended by iricrc instruc tiens which reference the memory 663 
interface is discussed in section 5.2. 

The rrerrcry interface uses five bus destir.aticns, three of 665 



866 



PEAE-: KAR[ 15-35] -t B[ 15-35], start memcry read 668 

WRITE-: KAF£ 15-35] - B£i5-35], start memcry write 67C 

~" The program must lead MCP with the data tc be 672 

stored within twe instructions after this 
destination _is inveked. The micro-instruction 874 

containing KFITE- must contain F2=IN£INT if the £CF 
has net been leaded. IKKINT must alsc be set in 875 

the instruction after WHITE- if MCP is not loaded 
until two instructions after WRITE-. However, the 876 

instruction which loads MCP does net have tc have 
IKK INT since an interrupt after that instruction 877 

causes nc problems. 

PM t a-: MAS[15-3 5] - E[ 15-35], start RMW 879 

The prcgram must explicitly disable interrupts by 881 

IKKINT enly during the irstructicn vhich uses this 
destination. Once the interface has begun the FNW, 882 

interrupts will be automatically disabled until the 
program' has initiated the stcre portion of the FKW. 883 

The store portion trust be begun within three 884 

microseconds after the FKfc- or a meircry error will 
cccur .{section 5.2) 

MLR-: MDP.[0-35] - EC 0-35] 8 66 

If a memory write is at a point at which the memory 888 
expects MCR to be stable, the prccesscr is 

suspended until the reference is ccrrcleted. 689 

KAFVA-: va?£ 15-35] -» E[ 15-35], G- { ( (S IF El - ACFS ELSE 892 

ALU) AND 1111601) =&) , Y - E£18-26], Ct^NUM, X-BC 28- 893 

35] 
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The interface uses the following three bus sources: 



RREFDXK 


KAP[ 18 ] = 







RPE? 


KAP[ 18] = 







IREF 


KAP[ 18] = 







FIRFF 


FA?[ 18] = 


2 




WREFDXK 


N.AP[ 19 ] = 


9 




WREF 


NA?[19] = 







Rf.WREFDXK 


KAP[ 18] = 


KAF[19] = 


= Q 


RN.WBEF 


KAP[ 18] = 


iVAF[19 ] = 


-- a 


XREF 


KA?[ 20] = 








B9( 



MDF: E[0-35] -« PEF[0-35 3 ^' 

MCRL; E[32-35] ^ *TF[36-39] m c [[ 

~ The processor is suspended on read or RMW if the c v- 

Jnemory has net yet supplied data. ^ ; — 

M/>R: E[ 15-35 ]- MAR[ 15-35] ~ *C- 

The interface uses the following functions: 9C 

M.DPL-: MDR[36-39] - E[ 32-35] ;- 

"~ The comment under KDR- applies. c ^ ^ 

WRESTART: This functicn starts the store portion of an FWW 9H 

"~ reference. Interrupts are inhibited between the 9"!^ 

execution of~an instruction containirg I>HINT, F*VN 
and the execution of the instruction after the cne 915 

containing WRESTART, The remarks en loading MDR 91S 

and inhibiting interrupts uhich appl> to the WRITE-* 
destination also apply here, except that the 9 17 

instruction containing r *RE£T£FT dees net have tc 
use INH I NT. 

FREFCXK, WREFDXK, RMWREFDXK, XREF , IFEF ,EI FEE ,FFEF ,WFE? , FNWFEF; 9^ c 

These functiens load J^AF [15-26] frcrr the leu order 9 J i 

bits of the rap memory via its direct outputs, and 
conditionally " start the specif ice type cf S. : 

reference. The ecrditiens Lnder vhicr. the 913 

processor is halted v»hen these functions are 
executed and the rules abcut loading * V C? and 
inhibiting interrupts are identical tc these which 9<4 

apply en a nociral reference cf the sane type 9: 5 

(WRITE- for WFHF and WREFDXK, FNfe- fcr F>WFEF and 
RMWREFCXF, REAL-* for the others) . In addition, 92(, 

these functions checV the legality cf the reference 
against the access permit tits freer the Fap rrem.cry. 
A reference is legal iff: 92"? 

929 

9 3 1 
933 
9 3 5 
937 
9 3 i 
942 

94* 

946 

If the specified reference type is legal, and if G 94-v 

= J8, the interface is started. If the access is 949 

illegal or if G = 1, the interface is not started 
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and G is set. MAFVA- leaves G = 1 iff an AC 950 
reference is detected, 

Tc alio* the processor to be debugged in single step mode # 952 

the memory interface has two additional features. In single step 953 
ircde, the instructions which normally start RKw references start 

BEPts, and ^RESTART starts a WRITE- When WRESTART is issued or 954 

WRITE is issued and F2 = INHINT, the actual store is deferred 955 
until an instruction is executed with IKHIKT-0. 

1-3- ^isk Kerrcry In terf ace 057 

The disk memory interface is similar tc the processor 959 

interface, hut is considerably siirrler, since it deals only with 960 
physical addresses arc has a mere liirited command repertoire. 

The disk memory interface should be used cnly cy interrupt 96 1 

routines, and is creviced principally tc avoid saving the state 962 
of a memory interface curing interrupts, rather than to "increase 
ire rr cry bandwidth. 

The interface contains a Up-bit (flus rarity) data register. 96a 

KMCR, and a 21-fcit aocress register KMAR. Several cf the 965 
interface ccntrcl operations transfer data directly from the 40- 
bit disk data register KDATA. 

The interface has timing and register leading considerations 967 

similar to those in the processor interface; however, the 968 
ccrrrrents concerning the inhibiting of interrupts cc net apply, 

since this interface is rsed only by interrupt routines. 969 

T.he disk memory interface uses the following functions, with 971 
actions as specified: 

KWEATA: KCATA [0-35] - E[/5-35] - KKDFI0-35], 974 

KEATA£ 36-39] - KKDR£ 36-39 ] 975 

KRDATAs KMEP[0-35] - E[0-3 5] - KEATA[0-35] 977 

KxYDR[ 36-39] - KEATA[ 36-39 ] c 78 

KMERL-*: KMCR[ 36-39] - B[32-35] 980 

KfcPESTAFT: Start the store portion of an RKW reference. 982 

If a bus source is specified in ar instruction which uses KFDATA 985 

or KWCATA, the data frcm tre specified scurce will re irerged en 966 
the bus. "~ 

The following bus sources are used by the cisk memory 988 
interface: 

KXDR: B[JB-35] - KMDR[jC-35] 991 



MICROPROCESSOR / Lampscn, €t al. MAXC 8.2 / fage 26 

Xerox Falo Alto Research Center July 26, 1972 



KMARs B[ 15-35] 993 

KMCRL: B[ 32-35] - KMDR[ 36-39] 9?^ 

and the following bus destinations: 997 

XKRITE-: KtfAF[15-35] - E[15-35], start write; 99^ 

KREAE-: KKAF[15-35]- E[15-35], start reac; 1 C .* 

KRMW-: KMAF[ 15-35] - B[ 15-35}, start RN.fc; 10C.t 

KKER-: KKCF[fl-35] - E[jC-35]; IOCS 



MICROPROCESSOR / Lampscn, €t a 1. MAXC 8.2 / Page 27 

Xercx PaLc Alto Research Center July 26, 1972 



any cr z;o e^ttinoj. tcviv,ca, o^v^^a^. v.*- ^»*^" «-•.- — 
rricrcf roce ssor; th<£ second is to process interrupts freir 
system used for interprccessor coirirunicaticn and error r 



6.1 NCAA Portion 



1008 
1011 



6-X Maintenance In u . erf ace 

The raintenanc< interface has two independent functions. The. 
first is tc facililate 16-bit data transfer between the NOVA and 
any cf 2 56 external devices, several cf which are used by the 1012 

-i~~~r<*~**> co^^- 4~h«» ciA^onri is to crocess interrupts freir the KAXC 

epcrting. 1 013 



1016 



At the NCVA, the maintenance interface censists cf two 1 C1 8 

sections, one for cata transfers ard ere fci interrupt handling. 1019 

The data transfer portion of the interface consists of an 8-tit 1020 

external device address register AC r and gating to allow 1021 

bidirectional data transfers. The address register is Icaced 1022 

from the lew order S hits cf AC with DOE AC, MAINT. This address 1 C23 
is sent to all external devices, and causes them to place data on 

the 16-bit bus if t!iey are input devices, cr prepare tc receive 1024 

data if they are output devices. Due tc timing constraints, a 1C25 
unique external device address is asscciated with an input device 

c /*an output devica, hut not both. To output 16 tits freir AC to 1027 
the device*" addressed by AC, CCA AC, FAINT should he executed. 

Similarly, CIA AC, KAIKT inputs 16 tits frcm the (input) device 1C28 

addressed by AC. Dcing input freir a device designed tc accept 1C29 

output res Jits in Of, and dcing cutput tc an input device has no 1030 

effect. Since all I/C activity cccurs within the span cf cne 1031 

NOVA instruction, -the ncrrral EUSY and ECN* logic associated with 1032 
NOVA I/O devices is net present, ard the E1AFT and CIEAF 

functions have no effect. It is possible to send a single pulse 1033 
tc the "device addressed by AC*" by executing NICP NA^T. 

Interpretation cf this signal varies with the device. 1034 

The second portion cf the rrairterance interface receives two 1037 

con-unicaticn sicmals frcm the reirainder cf tre s\stem, and 1038 
intercepts twe "error signals, FATAL EFFCF (FEF) and I^CN-FATAL 

EFFCF. (::fEF) . The latter two signals are generated by various 1039 

pcrticr.s*~cf the system when errors are detected. J<FEF is 1040 
currently used only to detect, corrected single-tit failures in 

the memory system. It has no effect except to cause a Kova 1041 

interrupt. 

Ihe' fatal error signal is generated when ar uncorrectable 1 043 

error cccurs at the Terrcry or at the crccesscr. All devices in 1044 

the system sample this signal, and halt when they detect it. The 1 C45 
*:0VA rrust therefore take action tc restart the system when this 
inter ruct cccurs. 

The" four sources cf interrupts, FEF, NFEF, CCPA, and CC*B, 1047 

are Merged to cause a single NOVA interrupt. This interrupt may 1048 

be masked off in the normal way with MSKO, using tit 6. The 10 49 
single interrupt is connected to the ECNE flag fcr MA INT, sc that 

the state of these interrupts may be tested while they are masked 1050 
out (however, the functions which r.crnally set and clear CONE 

have nc effect) . The four interrupts may be enabled ard disabled 1051 
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separately by executing CCC AC, MAINT with a fcur-rit nasx in AC, 
The tits are: 



DOC AC, MAIN! J^AC=17) 



iAC=J0) . 



1 C5 

105 

/■■; 



12 FER 

13 NFEP V 

14 COMA (MAXC prccesscr tc NCVA signal) < l y 

15 CCPE (unused) 1G5 

One's in AC disable the interrupt. After a given interrupt is 1 ■> 

disabled, it may cccur once ircre prcviding it vas pending at the 

tirre it was disabled. 1v - 

When EIC AC, MAINT is executed, a f cur-bit mask is read into 

AC, with one's corresponding tc the source (s) cf the interrupt 

(the top 12 bits contain garbage) . These flags reirair set until 
explicitly cleared with MCC NAINT. 

The correct sequence of events in servicing the single 1C 
maintenance interface interrupt is: 

1. Read interrupt flags vith DIC AC, £AIKT. 10 

2. Disable rraintenance interrupts and clear the flags with 1C 



1 ' •: 

Y. ■' ■ 



i:: s . 



3. service the interrupts as determined by the flagwcrd. 10 7 B 

4. Re-enable the rraintenance irterrupts *itn ECC AC, NAINT 1 



1C:1 



5. Re-enable NOVA interrupt (IMEN) and return. 1C-* 

In servicing the FER and NFER interrupts it is necessary to pell 10 o 
devices capable of causing these interrupts tc determine the 
source. This is described in detail by the documentation tcr 
each device. 



10 

10 



6.2 Processor Section 10 ~ 1 



10-3 
10 r -^ 



The processor section cf the systeir maintenance interface 
consists cf a number of registers which may be leaded from the 
Neva, allowing it to control the operations cf the prccesscr. 
These registers are (fcr exact fcrnat, see Appendix F) : 1C - 



a) A 64-bit register, FIR, which hclcs a sincle 1CS7 
~ microinstruction (net including the fcranch accress 

field) which can be executed urder ccntrcl cf the tfova. 109- 

b) A 36-bit bus data register, ER, which car. be gated cntc 110 1 
the processor bus under control of the N* cva - 11 ^ 

c) A multiplexer capable of returning 64 hits cf data to 11C4 
the Nova. 36 bits are used fcr the processor tus, the 1 1 C5 
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remainder return status conditions. The status bits 1106 
returned are the state of the PUN flip flcr, the state 

of the two meircry interfaces, and the parity error 1107 

flags. When any parity errcr occurs, FEP (fatal error) 11C8 
is set throughout the system, causing all processors 

(including the one v,hich caused the errcr) with the 1109 

exception cf the Neva, tc halt. The Nova is 1110 
interrupted, anc will be expected tc deal vith the error 

and restart the processor. The parity errcr flags are 1111 
reset ty ERRESET. "" 

d) A 16-bit control register, CR, which may be loaded from 1113 

the Nova. 1114 

The bits of the control register are latched at the processor 1116 

except fcr the ones starred in the table below. Starred bits 1117 
generate signals which last for the duration of the EOA. 

jilC Enable instruction controlled changes 1120 

E3 Enable changes in EALUEC 1124 

J: IMA Enable changes in IMA 1127 

2^C Enable changes in FC 113 

.(The four bits above enable various flavcrs cf deck in 1133 

the £rccesscr.) 1134 

SS (single step) If set, the RUN flicflep is cleared 1137 

cne cycle after it is set. 1138 

SETRUN* Sets RUN. Run is cleared by SS and by various 1141 
errcr conditions. 

EFRESET* Resets error conditions (parity, etc.) in the 1143 

processor. 1144 

E**M (execute freir ireircry) If set, microinstructions 1147 

are executed frcm the instruction memory. If 1149 

clear, microinstructions are executed frcir FIR. ~* 1150 

REGTCB Causes the contents of the bus register to be 1152 

placed on the processor bus. 1153 

INTCN E processor interrupts. 1156 

ST30EI Ncva-to-NAXC processor strobe. 1159 
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7. J Cisk Control 1163 

The disk interface consists cf three bus destinations 1166 

(KUNIT-, KSET-^, and KCSET-) # two bus sources (KLNIT and ?STAT), 1167 

three functions (KFEATA, KWEATA and KNEWCCK^), ard scire interrupt 

machinery. The letter •K* has beer chesen tc preface all disk 1168 
register names. 

The disk controller hardware divides irtc twe parts. The 1172 
first part, called the ccrrircn ccntrcller, presides services to 
all disk units. The KL'NIT register, interrupt control, write 1173 
oscillator, bus interfacing, and memories which izrclenent the 
KDATA registers are all jcart cf the ecrrmen ccntrcller. 117* 

The second part, called the unit controller, is replicated 117», 
for each disk unit. Inccrpcrated in the disk unit ccntrcller are 1177 
registers which respond to KSET-», KCSET-*, and KS1AT, _lcgic to 1173 
control the transfer cf data bytes tc and frcm the ccirr.on 
ccntrcller, generate interrupt requests and detect error 1179 
conditions, and control the sequencing of ccrnrards tc the disk 
unit, and a phase- lecked loop for disk data recover v. The design 11 PI 
provides for one ecrrmen ccntroller interfacing vith (up to) eicnt 
unit ccntrollers, each of which in turn interfaces with cne 1182 
Century Eata Systeirs 213 disk unit. 

With each disk unit controller are associated five logical 11?* 
registers: a disk command register, a ccrtrcller coir.rand 11-5 
register, a disk and ccntroller status register, cr.e input data 
register, and cne output data register. These registers are 11 £7 
logically cennected to the abeve-ncrticned Lls sources and t:us 
destinations if and only if the K'oKll register points to the Wr^ 
designated unit controller. 

During ordinary processing, the contents cf the KC::IT 11 c " 

register may be changed by using KUNIT-* as the hus cestinaticn. 1191 

However during the processing cf an interrupt Kt'NTT is 1 1 c 2 

temporarily forced to point to the highest-priority disk unit 119 3 

which is requesting the highest priority interrupt. Turing this 119* 
pericd, the pushed-down FUMT register can he changed ty using 

KUNIT-* as the bus destination; however this change fcill not be 11 ^S 
reflected in the KUMT bus source until after interrupt 

processing is complete. In practice, ere vould prcraily net want 119b 
to use KUNIT-» as the bus destination during interrupt processing. 

Hcwever, reading the KL'NIT bus source during an interrupt routine 1197 

is the only way of finding out with what unit the interrupt is to 119^ 
be associated. ~~ 

The following paragraphs describe the effect of KCSET--, 12 CO 
KSET-, KSTAT, KWDATA, KRDATA, and KNEVCCKM upon the unit selected 120 1 
by KUNIT. No other units are affected. 12C2 
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The KCSET-* destination modifies the command register cf the 1204 

unit controller according to various bus bits (see Table 5). 

This permits the processor to alter the unit's processor 12 05 

interrupt mask, to reset interrupt ccrditicns, and tc reset error 1206 
conditions. 

The K3ET-* destination performs the action specified stove for 1208 

KCSET-, and in addition leads the disk command register frcm the 1209 

bus. These data are latched by the disk cemmand register and 1210 
presented to the disk unit for a prescribed tiire interval. 

The KKEKCCMM function (same as EEPCS) is interpreted enly in 1212 
conjunction with the ?SET-> bus destination. It causes the unit 1213 
controller to reset the command it is currently presenting to the 
disk unit before latching up the new comrrand teir.g issued by 
K3E7-. KNEWCOMtf is required when setting the head register, 
resetting the head register, setting the cylinder register, and 
starting seeks. It should not be used at other tiires fcr fear of 1217 
head select glitches and erase turr.-eff blasts. 

The KSTAT source puts status bits frcm the disk unit and 1219 
ccntrclier onto the bus. _[See Table 6.) 1220 

The KVIEATA function buffers data frcm E[0-35] and FfER [35- 1222 
39] fcr eventual writing on its disk unit. The bus data may be 1223 
read into F or Q in the same microinstruction fcr checksum 
computat ion. 

The KPDATA function places KCAT2[0-35] cntc the fcus, leads 1225 
KKDR[3-3 5] from the bus, and loads K.VDF[ 36-39] directly from 
KDATAf 36-39]. The bus data may be read intc E or C for checksum 1227 
computation in the same microinstruction. 

The details of the controller-disk file interface and a 1229 
number of tedicus programming details are discussed in Appendix 
G. 



1214 
1215 
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Jus Eit 12 M 

Pcsiticn Meaning 12 5: 

S Enable/disable sectcr interrupts on channel 5E 12 3* 

1* Load cylinder register fncir B[ 15-23] _ "* 12J! C 

2* Load head register from 3[ 18-23] _ V 124, 

^3 Interpret B[ 15-23] as a command and execute it 12 + 1 

4 Enable/disable word interrupts cr channel 13B 124" 
_[reading) 12 * ; 

5 Enable/disable wore! interrupts on channel 12B 12 Vl 
Jwriting 12 'i 

6 Enable/disable word interrupts cr. channel 11B 1 2 ~, : 
^dispatch) 12 : ^ 

7 Reset sectcr ccnditicr 12 - 

8 Reset processor data .late 12 k 

9 Reset ccntrcller data 2 afce Ml 
_ IB Reset sectcr overflew 12 : 
__ 11* Deselect/select this unit 1 2 ..- - : 

12-14 Unused M y : 

15-23* Disk drive bus, interpreted according tc B[l-3] 12 ?j 

24-35 Unuscc " ~ 12 7<= 

* Interpreted only for KSET-*. Kot interpreted ty KCSE1-*. 12'? = 

Table 5. KSET-» and KCSET- Eus Interpretation 12 61 



11 

12-35 Unused 
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Bus Eit I 2 ** 

Pcsiticn Meaning 128 8 

g Index condition (ccrres ut with sector condition. 1290 

Stays up for one sectcr) 1291 

1 Unit unsafe (operator must take acticn) 1294 

2 unit offline (illegal unit cr cperatci irust take 1297 
~ action) 

3 Unit not ready (^ seeking if ether stuff OK) 13C0 

4 seek has failed (very rare — restore and try again 1303 
tut probably a hardware failure) . 

5 Unit is read only (This is controlled by a manual 1306 
"" switch r but the hardware will leck at this switch 

only when the unit is deselected. This ireans that 13 08 

the software will have to deselect tFe unit before 

the effect of the cperatcr throwing the svitch will 

be received by the unit). 1309 

6 Controller net ready (set until previous command 1311 
"~ has reen received by disk unit — ahcut tvo usee) 1312 

7 Sectcr cenditien ^sectcr interrupt request is held 1315 
~" until it is dismissed, tut the "sector condition" 

becomes true cencurrert with the sector interrupt 1316 
request and false at the seccne were time 
afterwards) . 

8* Processor data late (microinterrurt serviced too 1319 

late) 

g* controller data late (hardware £rcblems) 1322 

IQ* sector overflew (still reading, writing, erasing, 1324 

or word-interrupting at sectcr pulse. Feading 1326 
writing and erasing are turned eff arc no future 
word interrupts will be requested). 

Unit deselected. 1328 



1330 



* Fequires reset by FSET- or KCSET-*. Feading, writing, erasing, 1333 
and word interrupting are prevented by any of these errors. 

Note: All errors prevent writing inside the file. 1335 

Table 6: KSTA1 Bus Data 1338 
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Appendix A: Summary of Microinstruction Bits 



Fielc 


Size 


Position 


bearing 


FA 


11 


SI- 10 


Brarch address 


ET 


2 


11-12 


Brarch type: 



BC 



LA 



RA 



13-17 



18-22 



2 3-27 



PS 


6 




28-3 3 


£S 


3 




3U-36 


AF 


5 




37- HI 


I s 


5 




42-46 


JED 


5 




47-51 


Fl 


6 




5 2-57 


F2 


4 




58-61 


SA 


8 




62-69 


BRKP 
TRIG 




1 

1 


71 
72 



GCTC, CALL, 



FEllFK, EGCTC 



Eranch conditicr <FC0 inverts 
the meaning) 

Left bank address: 0/1 = use X, 
2/3 = use AC 

Fight bank address: 2/1 = use 
X, 2/3 ■= use AC 

Select input tc F 

Select input to £ 

ALU functicn 

Bus scurce 

Bus destination 

Function 

Seccrd Function 

Scratchpad address: <2ZH = use 
SA CR Y 

Ereakpcir.t 

Scope trigger 



13-*' 

13--H 

1 jul 

13-9 
13 

1 3 2 
12 3 

13^5 

133 

13" i 

13': 2 

13' ? 
13: • 
13" 7 1 
1 3 n « 

1 3 "" ' - 
137. 

138 * 

i3e: 

138- 

1 3 & : 



Total 



72 



13£- 
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Appendix B: Summary of Eranch Conditions 



1390 



3C 


leaning 


EC 


Keaning 


(octal) 




(octal) 






9 


Aivays 


20 


Never 


1 


Q odd 


21 


Q ever. 


2 


♦ALUS = 9 


22 


ALU 8 # a 


3 


K = 1 


23 


K = 


a 


4 


♦Ait: < 9 


2a 


ALU 


> 9 


5 


h = 1 


25 


H = 


9 


6 


X > 9 


26 


X < 


9 


7 


. 


27 







10 


ALU = J& 


3J0 


ALU 


# JB 


11 


G = 1 


31 


G - 


£ 


12 


♦ E < J0 


32 


B > 


t 


13 


— „ 


"3 7 







14 


♦ALU < 9 


34 


ALU 


> 9 


15 


J = 1 


35 


J = 


9 


16 


Y > 


36 


y < 





17 





37 


— 





Reference 



3.2 
3.3 

Appendix E 
3,3 
Appendix E 



3.3 

Appendix E 
3.3 

3.3 

Appendix E 



1393 
1394 

1397 
1398 
1399 
14C0 
14C1 
14C2 
14C3 
14 04 
1405 
1406 
1407 
1408 
1409 
1410 
1411 
1412 



♦Preserved acrcss interrupts in BALUBC 



1414 
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Appendix 


C: 


Summary of 


Fl 


(Cctal) 


KAKE 


4 






--- 


1 






IREF 


~2 






BIPEF 


~3 






FREF 


""a 






FREFDXK 


'5 






PMWPEF* 


6 






PMWPEFCXK* 


~7 






ttPEF** 


10 






WREFDXK** 


I* 






XREF 


12 
13 






LOADKDRL 



I 5 
I 6 

I 7 

IP 

21 

22 

23 
24 
25 
26 
27 

30 
31 



Summary of Frimary and Secondary Fur.cticns 

WEANING 



No action 

NAFFEF (XCT0, RP) , jpXCTfl 

KAFFEE (XCT2, PP) , ?^XCI2 

MAFFEF(XCT1, FP) , jpXCIl 

tfAFFEF^FP) 

KAFFEF(XCT1 # FP ANC WF) , jpXCTl 

tfAFFEF(<7, PP ANE KF) 

N.AFFEF(XCT3, ViP) , E-XC13 

MAFFEF(0, WP) 

KAFFEF(fr, XP) ~ 



MCF[36-39>E[32-35] 
WRESTART*** Start the write cycle cr a RX*. 



KMDPI- 
KWRESTART 

KREATA 

KWDATA 



SIGNOVA 


Feque 


INCY 


Y-Y+l 


DECY 


Y-^Y-1 


NEGY 


Y--Y 


YKPTP- 


Y-400 


INCX 


X^X + 1 


CECX 


X-^X-1 



KKEE[36-39]-.E[32-35] _ 

Start the write cycle cr. a KRMW, 

E[Qr-35]-KC^TA[0-35], 
pTF[0-35 >E[2-35] # 
KMDF£ 36-39 V*KEATA[ 36-39] 
B[<7-3 5hK:>l5R[0-3 5], 
KCATA[a-35>E[0-35], 
KDATA[ 36-39 >KMER[ 36-39 ] 

Request NOVA interrupt 



Y-400E «■ E[ 33-35] * 2£B 



14*£ 
1419 

1421 

142 4 
14:7 
1 4 3 C 
1 432' 
143S 
14? * 
14-1 
144^ 
14*7 

14 r :0 

14 C :2 

14 55 

145.7 

14t C 

1463 

1 4 1 S 

1 4 (, 7 

i4e *? 

14 71 

1473 
1475 

1477 

1479 
1 4 r 1 

1 4 >■ :> 

1 4 t ::■ 
1 4 c - 

149C 
1492 



* Must be accompanied by F2-INHINT 

** Must be accompanied by F2=INKINT if MER is not leaded by the 

end of the instruction* 

*** The instruction after WRESTAR1 trust be acccirranied by F2 » 

INHINT if MDR is net loaded until two instructions after 

KRE START. 



14 94 
1496 

149S 
1 40 9 
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Ncte: MAPBEF (umbit, permission) is CCM-.CUM CB unrbit, start 1501 

rreircry reference if G — J0 and permission = 1, and G -■ G CF 150 2 

( ceroriesicn - 0) • 
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Fl (Octal) 


NAME 


32 


INCAC 


33 


DEC AC 


34 


SETF 


35 


SETFC 


36 


CLEARF 


37 


CLEARFC 


44 


SETFE 


Ul 


SETSF 



i£2 

it 3 

44 
45 



46 
47 

5j0 



52 
53 



54 
55 

56 

57 



Appendix Cz Functions (Continued) 

MEAN I KG 



AC-AC+1 
AC-AC-1 



CARRYl 
CJ&SJC 

SETHCVF 
SETOVPC01 



RCY#Q 
RCYNOTALDQ 

RCYQQ 



LDPALUH 
Q35ALUG 

READALU 



XMASK 
SAMASK 

EAMASK 

AMASK 



F^F CF S 

F-F CF S IF EC J.2 trve 

F-F ANE NCT S 

F-F ANE NCT S IF EC is true 

F-(F CF S IF EC ZIS~ F ANE NCT S) 

Liits of F selected ty £[3 2-35] are 

set tc (F m£ S ANE -223) #0 (F[ 32- 

35 ] are K, J, H, and G) 

Supplies incut carr> = 1 to AIU 

Supplies input carry = J to AIU and 

sets J to ALLC0 

Sets h tc ALCC0 * ALUC1 * 

PCfl-ALtCjg, • FCl-ALlXl, CVF^ (ALUCfr # 

ALUC1) CF CVF 

Change cycler input from FQ tc 9Q 
Change cycler input frcm PE to JNCT 

alu/q) 

Change cycler input frcrr PD tc QQ. 
Change £-R RSKl tc C-R RCY 1. 
Charge Q RSHl & Q LSH1 into Q PCY1 6 
Q LCY1. 

ECn't lead F if ALL"0 = H 
Modifies Q LSH1." fee table 3. 

Or ALU result vith bus value 
specified by source 

Sets P mask to 2**[> PNE 77E] - 1 
Sets P mask tc 2**[ (NCT SA) ANE 77B ] 

- 1 

Sets P mask tc 2**[ (NCT EA) AND 77B] 

- 1 

Set P irask tc 2**AF - 1 



15C5 
15CB 



151 1 
1513 

1515 
1 51 e 

1521 

1 52 4 
152"? 

152 9 

153C 



1533 
15 35 
15 36 
1539 

1541 
1542 



1545 

1^46 

155C 
1551 

1552 



1558 

1560 
1561 

1564 
1567 

157C 

1573 
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6fl 



62 
63 



READS 

KNEWCOMM 

LOADS 

ARM-* 
ARM 



Cr s with bus value specified by 

source. 

Reset disk ccmmand lines if 

destiraticn=XSFT-». 

Write bus intc S 



AFM-E[ 20-35] 

B£20r-35]-.ARM, 

INT 



E[l-«»>INTNO., B[0] -. 



1575 
1576 
1577 
1578 
1580 

15 82 
1585 
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11 


(Octal) 


NAME 


j>n 




PREIRET 


65 




I RET 


66 




FRZBALUBC 



67 



Appendix C: Functions (Continued) 
KEANIKG 



POP 



Prorrises return f rem interrupt after 
next instruction 
Feturn from interrupt 

Prevent latched bus and AIU branch 
conditions from changing at the end 
of this instruction. Ineffective if 
IKT = 1. 

Pop the staefc. Must net accompany 
CALL cr FETURN. 



15c 

15^ 



15" 

15 c 

15: 



1*.: 



m: 
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F2 
Jd 



Appendix C (continued) : Secondary Functions 
(Octal) NAME WEANING 

INHINT 



_6 
Jl 

IQf 
11 

I 2 
13 

I 4 
I 5 

16 

17 



NPC- 



USED 



READS* 

KNEW CO MM* 



LOADS* 
WRESTART* 

SETSF* 

RCY#Q* 

CARRY1* 

ASHOVF 

RCYQQ* 

POP* 
ACFS 



Frevent an interrupt after this 
instruction. 

NFC-E[24-35] and prevent an 
interrupt after this instruction. 



Set the high bit cf the SD memory 
address sc that the address is in D 
rather than S. 

Or S with data on bus. 

Reset disk .ccmrrand lines if 

des t inat ion = K SET- . 

Load S froir data en bus. 

Start the write cycle on a RNW. 

Nc Acticr, 

Bits cf F selected by S[32-35] are 
set to (F AND S AKD -20E) «& (F[32- 

35] are Y, J, E # and G) . 

Change cycler input to 0Q 9 

Supplies input carry = 1 to AIU. 

OVF- (P£#F1) CR C\F, disable loading 
of £[£]* 0-P35 en C FSH 1. 

Change cycler input to CC Change 
Q^R RSH1 to C-K RCU. Change C *SH1 
S C LSH1 into Q RCYl € Q ICY1. 

Fop the stack. 

G- (777760 SN£ S = 2) . Overrides the 
usual setting cf Q fc> MAPVA-*. 



1608 

1611 

1613 
1614 

1616 
1617 

1619 

1621 

1623 

1624 

1626 
1628 
1629 

1631 

1634 

1636 

1638 

1639 

1642 

1645 

1647 
1648 

1651 
1652 

1654 
1657 



*ALso provided as a primary function. 



1659 
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Appendix D: Summary of Eus Sources and Eestinaticrs 



NO. (Octal) 

9 
"l 
~2 
~3 
~4 
~5 
_6 

7 



1^ 

11 

11 
12 
2 2 

I 3 
1* 
25 
15 

16 

16 

2 7 
29 

21 
21 
22 
23 
23 
24 
24 
25 
25 



SOURCE 


BDIN. 


NULL 


E- 


X 


X- 


Y 


Y- 


AC 


AC- 


♦MAP 


♦MAP 


*D 


*D- 


♦ S 


♦S- 


♦♦I 


*I- 


MDR 


MDR- 


MDRL 





BDINATION KEANING 



MAR 



♦KMDR 
♦KMCRL 

♦KMAR 



♦KUNIT 
♦KSTAT 



♦NOT F 

Q 
♦ALU 



RE£E- 

RKW- 

WRITE- 

♦KMDR- 

♦KREAD- 

FWFITE- 

KRMW- 

KUNIT- 

KSET- 
KCSET- 

ISPLIT- 

FSPLIT- 

BSPLIT- 



fccne, Bts 
8-bit, >- 
9-bit, \- 

4 -bit, Jc 
18-bit, K 
36-bit, C 
36-bit, S 
Instructi 
0-35 if F 
71 ctherw 
Processor 
register 
Extra 4 
data 

MPR-E and 
M emery ad 
MAR-E a 
medif y-wr 
KAR-3 and 
Disk meire 



\alue is 
reqister 

register 

reqister 
ap memory 
isfatch memory 
cratch pad memory 
en memory, bits 
2 = INHIM # so 36- 
ise 

memory data 

bits of memory 



start reac 

dress reeister 
nd start read- 
ite 

start write 
ry data register 



Disk iTemcry 
register 



address 



Disk unit in F[33-35] 
Fut disk status on bus 
Beth ccntrcller and file 
Controller enly 

X-B[14-17], G-(E[13]=fr) 

Y-E[2-3 ] 

X-B[6-ll], *-E[C-5] 



16 : 

1665 

1 6 -> 3 
16"M 
167y 
1 6 7 7 

16 :C 

16 <1 
16 i-6 
16 :- 

16-9 

16 'A 

16 12 

16 f :4 

16 :c 

16 - - 

17 1 

17-;- 

17 7 
17 10 

17 1: 

17= 4 
17 16 

T7"7 

1 7 , V 

1 7 ; i 
17.;-; 

1 7 ;< 7 
17. 3 

17 n 

17 \:t 

Mr. 

17 7 
17 & 
17 -. 1 
17~* 



♦Slow 

♦♦Very slow. I can only be sent tc P register. 



17. *. 
17~c 
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Appendix D: Bus sources and Destinations (Continued) 



Nc. (Cctal) 
26 

26 



21 
27 



3J3 



31 

i 1 

32 



SCUPCE 



STACK 



ECIfrATIC*; MEANING 



STACKS 



NPC 



KAPVA- 



*i*AF4- 



xtop 



XSPLIT- 
YSHIFT- 



top entry of 

Illegal if 

with CAII or 



B[ 25-35]- 
stack. 

combined 
ST£CK-. 

Push stack tvice, leaving 
B[ 12-23] en top and E[l- 
11] next tc the top, G-G 
or (E[0}=0) 

11-fcit prcgrair counter 
Y-S[ 18-26], " NAP[27- 

35 ]-»B[ 27-35], G- ( { (S IF F2 
ACES ELSE ALU) AND 
777760B) = 0) , CUxV-.UK, 

X-B[ 28-35] 

1-((CLM,\) AM) 1774B, 

Y-Y + 4 , 

M£P[ T ]-v.AP[T +1 ]-iyAF[T*2 ] 
2M£P[T+3 ]-E[ 18-35 ] 
E[ 0-5 ]->?.[ 30-35] 
Y-B[0-8 ], AC-E[9-12], 

X-B[ 14-17], G-»HME[13 ]=ff) 
Y[27]-£[18]. Y[ 28-35]- 

B[ 28-35] 



1751 

1754 

1757 
1758 



1760 
1761 
1762 

1765 
1768 



1769 
1771 
1772 
1773 
1774 
1776 
1779 
1780 
1782 
1783 



*Slcw 



**Very slov- IM can only fce sent to the P register. 



1785 
1788 
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BIT 


NAME 


_<* 


OVF 


_1 


PCJ0 


_2 


PCI 


_3-u 




_5 


UM 


_6-13 




14-17 


XCTJ&-XCT3 


18-26 




27 


CUM 


28 




29 


UNABLE 


3cr 




31 


NOVA 


32-35 





7< 



Appendix E: Summary cf Flag Register Bits 1 

SEI/LSED v? ' 

Turned en by SE1CVFC01 if CVEFFICW, by 17< 

ASHOVF if PjC/FI 17 ' 

Set tc ALUOC by SE1CVFC01 17< 

S€t to AIUC1 by SEICVFCflfl Vi' 

No sFecial uses 1-' 

Used tc set CtiV by PAF\A-« 1 ^ 

No special uses *•'■'- 

Csed to set KAF address and CUV by some 1-' 

REF destinations : : ■ 

No special uses 1 " 

Current user ircde. See 4.3 *" 

No special use v " 

Interrupt erable 

No special use " lr 

Set by Neva tc signal prccessor 1- 

On SETSF, the flaqs selected by ones in < " 

~ S[ 32-35] are set "tc J? AM! S ASE V- 

(-2£)B))#/) 

32 K Used by ¥=t branch condition 1* 

33 j If Fl = JC/CAPF-YEC set to AIUC0 and used 

as CARRYIN Used by J = branch condition- ^ 

34 H Set by XSPLIT- tc (E£13]^3), b> seme FEFS * ~ 

to the selected XC1 bit, by SETFCV to 

AIUCG/ALUCl, by PS = PQ RCY Y cr ?: RCY 1r 

44-Y tc (Y > 44E) . Used b} LOACFALEH and 1 c 
H=0 branch ccrditicn. 

35 G Set by XSFLIT- and ISFLI1-. tc (B[ 131=0), 15 

by STACK- tc G CR (E[0]=j&), r> MAFVA- AMD 

NOT ACFS tc (PLV ANE 77776fi=2), ry ACFS 16 

tc (S AND 7777603)^0, by REFs to G OF 



MICROPROCESSOR / Lanipscn, «t al. MA*C 8.2 / Fage 45 

Xerox Palo Alto Research center July 26 , 1972 



{map violation). Used by Q35ALUG and G=j0 1838 

£ ranch condition. 
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Appendix F: Maintenance interface devices used in the processor 



1 f- 



SMI device 
address 
(I=input 

tc Neva) 
(0=0 ut put 

tc Neva) 

210 C 



Name 



Eit naire and significance 



213 O 

212 O 

213 O 
217 C 



216 O 



215 O 



214 



200 I 



CR 



BR0 

BR1 
ER2 
FIRflr 



PIR1 



PIR2 



PIR3 



RUN 



Ccntrol register 
0:EIC 4:SS 
1:EE 5:SETRUN 
2:EIMA 6: E r * RE SET 
3:EFC 7:F?M 



5:3EGTC3 
10-15 : r JNUSEE 



Bus register; gated tc piccesscr bus when 
REGT0B=1. Nova bits 0-15 correspond to 
processor bits 0-15. 

Eus register; l^cva bits 0-15 are 
processor bus bits 16-31. • 

Bus register; £cva bits 3-11 are 
processor bits 32-35. 

Pseudo-instruction register 

hova Eit: Prccesscr instruction fielc 



Eranch t >pe 
Erar.ch cenditien 
Lett bank address 
Right rank accress 

Fight bank address 
P rultirlexer select 
C p'j Itir lexer select 
ALU fur.cticn 
Eus scurce 

Eus source 
Eus destination 
Frirrary functions 
Secondary functions 

Secondary functions 
Scratchpad address 
Per debugging 



Bit 8 cf this register = indicates 
RDN=1 in the processor. £11 other bits 
are undefined. 



0-1 


BT[0O-01 "» 


2-€ 


BC[£0-£4 ] 


7-11 


LA£31-35 3 


12-15 


FA[ 31-34 ] 





RA[35 I 


1-6 


FSEL[ £2-05 3 


7-9 


QSEI[ /*£-02 3 


10-14 


ALU?[ ££-04 3 


15 


SRC[ ££ 3 


0-3 


SRC[ 01-04 3 


4-8 


DE£T[ ££-04 3 


9-14 


FCN[ ££-05 3 


15 


FCK2[ £0 3 


0-2 


FCK2[£l-03 3 


3-10 


SA[2 8-35 3 


11 


SCOFE TRIGGER 



en 



e- r . 
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Processor bus bits 0-15 are input to Kova 1898 

bits 0-15* 1899 

Processor bus bits 15-31 are input to 1901 

Nova bits C-15. 190 2 

Processor bus bits 32-35 are input to 1904 

Nova bits 8-11. 190 5 



203 I 


38 


202 


Bl 


201 


B3 
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Appendix G. More Than You Really Wanted tc Kr.cw Atcut Disk 
Control 



Pa rt I : The Disk Drive to Controller I nterfa ce 1 9 1 

The disk drive (Century Data Systems model 213 cr 215) 1-1 
ccinr.unicates with its unit controller over a * V A>C cable. Disk 191 
ccirmands, disk status, and data bits travel endlessly back and 
forth over this cable. Signal paths consist cf twisted pairs, 1'-1 
one grounded at both ends, the ether driven \»ith an open 1 "1 
collector TTL gate at cne end and resistively terminated at both 
ends. The signal paths are lew true or lev* active. Thirteen V.n 
signal paths are reserved for commands from the urit ccntrclier 
to the disk drive, kbat follows is a rrcdified e>cerpt from the 
CDS 215 Interface Specification. Note that this section dees not 
describe disc control from the viewpoint of rricrcrrc^rarrs. It 1*2 
discusses the signals to which tbe unit controller must 
interface. Microprogramming considerations are in part II of 
this appendix. 

Module Select 

~* Selects the disk drive attached tc the ccntrcl unit and 

enables it to accept signals presented ever tbe rus and tag 

lines and to generate signals on the status lines. 

Drive Eus (£5-8) 

Nine lines to transmit address and ccntrcl information as 
determined by one of three tag lines: 









TAG 


I^EE 






Line Name 




Control 


Set 


Cyl 


Eet Heac 


Drive Bus 


9 




Cyl 


256 






Drive Bus 


1 


Wr Gate 


Cyi 


128 






Drive Eus 


2 


Re Gate 


Cyl 


6U 






Drive Bus 


3 


Seek St 


Cyl 


32 






Dr ive Eus 


U 


Rst He Reg 


cyl 


16 


Hd Add 


16 


Drive Bus 


5 


Erase Gate 


Cyl 


8 


he Ace 


8 


Drive Eus 


6 


sel Hd 


Cyl 


U 


Yc Ace 


i* 


Drive Eus 


7 


Rtn SdlJd 


Cyl 


2 


He Add 


2 


Drive Bus 


8 


Hd Adv 


Cyl 


1 


Hd Add 


1 



1 1 



c« 



Set Cylinder Tag 13! 

Indicates that the cylinder nurrber cr the bus lines is stable i S« 

and loads it into the cylinder register. This function dees 1 =< 
not initiate a seek operation. 



969 
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Set Head Tag 1 955 

Indicates that the head address is stable on Bus lines 4 1968 

through 8 and loads it into the head register. This function 1 
must he preceded by a reset head function, since the unit 
internally OR's the new head address with the previous cne. 

Control lag 1 973 

Indicates that bus data is stable and contains control 1975 

information. The signals on each cf the nine bus lines are 1976 

defined as follows: 

Bus fir (No Function) 1980 

Bus 1 (fcrite Gate) 1 $84 

Specifies that data en the Write Lata line from the unit 1986 

controller is to be written cr. the currently selected 1987 
cylinder cf the Disk Drive, 

Jus 2 (Read) 1991 

Specifies that the data on the selected cylinder and 199 3 

head be transmitted over the Read Data lire tc the unit 1994 

controller. "" 

Bus 3 (Seek Start) 1998 

Provides a pulse wrich starts a seek operation. The 2CC1 
seek operation causes the head carriage mechanism ""tc 

move froir its present address tc a ne> address. This 2002 
function normally follows a "set cylinder" operation. 

Eus 4 (Reset Head Recister) 2C06 

Provides a pulse signal tc clear the Head Address 2C08 

Register JHeac 93 cenditicr.) . 2 009 

Bus 5 (Erase Gate) 2 CI 3 

Enables the selected Head tc Straddle Erase recorded 2015 

data. To ensure a complete straddle Erase of the guard 2016 
bands cf a data reccrd, the Erase Gcte must remain 

active for 20 us ♦ 101 after the frrite Gate is inactive. 2017 

Eus 6 (Select Head) 2021 

Select the head addressed by the Head Address Register. 2024 

Eus 7 (Restore) 2028 

Initiates arm motion tc Cylinder 000. The Disk Drive 2031 
will generate a "seek complete" signal when dene. 

Bus 8 (Head Advance) 2C35 

Provides a pulse to increment the Head Address Register. 2 038 

In addition, two other signal paths (Sequence Pick In and 2 041 

Controlled Ground) are used tc turn the disk unit rotation on and 2042 
off remotely, and one non-standard signal path (Termination 
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Power) provides +5vDC, 0.9 amps, to a resistive teririr.aticn blcck 2 Z> 
located at the disk unit. 

There are ten signal paths ir the cable reserved for status 2: 
inf "imaticn frcm the disk unit to the controller: 

Module selected 2: 

indicates the disk unit is selected and net unsafe. The 2 C 
Modole Selected signal occurs uithir 50£ nsec. freir the 
leading edge cf Module select. 

Gated Attention 

Indicates that either a power-on sequence, a seek ccirmand, or 
a restore is completed. This signal is reset by the read 
gate. 

Drive Ready 

Indicates that a selected seek cccrrrard has teen successfully .1 '. 

completed and that the Disk Drive is ready tc read or write. 21 

On-line 2 2 

Indicates the heacs are extended and the Cisk Drive is ready 2 Z 

to be operated by the control urit. 22 

sector : : 

A pulse on this line indicates the beginnirg cf a sector. 2 Z 

Pulse width is 8£ us ♦ 28%. Jitter should be less than IJd 22 
microsec. 

Index 

~" Is set on one and only one sector cf a revolution. The pulse 2 3 
width is 8j0 us + 2M. Index is delayed freir sector by .".'.) 
approximately 120 microsec. 

Drive Unsafe 2" 

A signal on this line indicates the selected Cisk Drive is 2.1 

unsafe. Within the Cisk Drive, safety circuits are provided ZZ 
tc protect the recorded information. 

The following conditions inside the Cisk Drive generate the 2C 
unsafe signal. 

_[1) DCUNSAFE - Any dc cower supply output lev. 2 1 

±2) EEONSAFE - A head ursafe condition is: Controller 2 1 

initiates a Select Head but no head 
becomes selected or irere than ere head 2 1 
beccrres selected or nc select head is 2 1 
initiated from the controller tut a head 
becoires selected. 
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J3) RCY/ . (ERGATE ♦ ViRTGATE) - Disk Drive not ready for 2108 

operation tut Krite or Erase Gates raised 

by controller. 21 C9 

J4) RDGATE • (ERGATE + WFTGATE) - Read gate and write gate 2111 

cr erase gate raised b^ ccntroller. 2112 

J5) IfcON/ . IEON - Write current cff and erase current on 2114 

fcr lcnger than 60 rcicrcsecends. 2115 

J6) IECK/ . IWON - Erase current off and write current en, 2118 

J7) EFGATE . IEON/ - Erase gate up and erase current cff. 2121 

J8) IECN . ERGATE/ - Erase gate down and erase current en. 2124 

J9) WKTGATE . IWOK/ - Write gate up and write current cff. 2127 

J10) IfeCN . WRTGATE/ - Write gate down and write current en. 2130 

Jll) SEEHUNSAFE - Drive oscillator low, Feads extended and 2132 

net up tc speed, or SEEKERROR curing 2133 
forward rrcticr. cf FIRSTSEEK or RESTORE. 

J12) AIR FILTER SYSTEM FAULT. 2135 

Seek Incomplete 2138 

Indicates that the Drive has been directed tc a ncn-existent 2140 

cylinder or has failed to generate Seek Ready within 1 sec. 2141 
cf a "Seek Start." 

End cf Cylinder 2145 

Indicates that the head address register in the disk drive 2147 

has advanced from head address 19 tc 20 in response tc a Head 2148 
Advance corrmand. 



~> " .' '< 



MICROPROCESSOR / L amps on , €t al. KAXC 8,2 / Fage 5 2 

Xercx Falo Alto Research center July 2 6, 19 7 2 



Write Current Sense 21 r i 

This signal indicates that ncrmal write current is present, 2V,i 

Virite current sense is active within 10 us from the leading 215: 
edge of fcrite Gat€. 

The "Gated Attention/' "End of Cvlir.der," and "Virite Current 21^" 

Sense" signals are not present in the disk status wcid presented 2V-: 
tc the MAXC processor because they are irrelevant tc ^AXC's rede 

of operation or because they are redurdart. In addition, three 2it'i 
other signal paths (Sequence Power, Sequence Pick Cut, and Heads 

Extended) are used to sense the rotational status of the disk 21- 
unit fcr AC and DC power sequencing purposes. 

There are twe signal paths (implemented with ccaxial catle) 2M ■.[ 

which carry serial data to and frorr the unit ccntrcller. During 2V,! 
write operations, negative-ccing edges en the vrite data line 

trigger a corrplementing flip-flop in the disk unit, whese state 2V< 
is written by the selected read-write head on the disk. 
Similarly, during a read operation, a flux reversal sensed by the 
selected read- write head (corresponding tc a change in the state 
of the complementing flip-flop during writing) fires a cne-srot 

in the disk unit which sends an 80 nanosecond negative-ccing 21 f ' 
pulse onto the read data line. 

The following table summarizes many of the important 21"; 
parameters of the Century Data Systems 213/215 disk drive: 

Maximum Head Positioning Time 5 5 ms 2W 

Maximum Track-tc-Track Positioning Tine 10 ms 2""< 

Maximum Rotational Latency 25 ns 2*"" 

Recording Method Double Frequency, 2 1?< 

bit serial 2 i 

Recording Surfaces Available per Drive 20 21 -.; 

Number or Recording Heads per Drive 20 (09-23 E cctal); 2' i ■■ ' 

one per disk surface 2" -i 

Type of Head Straddle Erase 2" -' 

Disk Rotational Speed 2403 Fry +2% 2i-» 

Number of Cylinders per Disk Fack 405 (003-625 E octal) 2* : 

Track- to-T rack Spacing 9.005 inches nominal 2 * - 

Minimum Recommended Time per Eit 36 ns 2"! 

Maximum Start Time 90 secends tc ready 21 - 

Maximum Stop Time 11 secends 21 < 

In general, the drive bus lines should be starle fcr at least 21 v 

2#J0 ns before activation of any tag j^ines. Active tag lines 21'? 
should remain active fcr a period of at least Q2Z ns, arc pulsed 

tag lines (for all commands except read, write, or erase) should 22 C 

remain active for at most 10 us. Fcllcwing the de-activation of 2^C 
all tag lines, the drive bus lines shculd remain stable fcr at 

least 200 ns; then all bus drive lires shculd be de-activated for 2^ 
at least 4£0 ns. 
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Further infcrrraticn en the disk unit is available from the 2204 

Century Data Systems (Anaheim, California) I nterfac e 2205 

Sp ecif ication , Model 215 Disk System , and from the Kcdel~215 D isk 2206 

Drive Maintenance Manual (which also includes circuit diagrams) . 



J< 
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Part II: Programming Cons i deration s 

Many programming considerations relate tc errors, and these are 
in Table 5. 



!• Selecting the unit (= loading KUNIT register) is accomplished 22' 

automatically fcy the hardware crier tc a disk micrcinter rupt and 

nc ether units can be referenced during the interrupt routine, 2 2' 

The function YKFTF-" is provided especially fcr disk 2.: 

microprograms. It is planned that the interrupt instruction will 2 2 

include 

YKPTR-, X-.KUNIT; .2 2' 

This will select the right hank checksum register arc the 16-wcrd 2. ; . 

scratch memory array peculiar tc the urit causing the interrupt. 2 2, 

Non-interrupt programs select a disk urit by explicitly leading 2i\ 
KUKIT. 

2- One microinstruction must elapse after explicitly selecting 2 2. 

KUNIT-i as a destination cr after the start cf a disk interrupt 2:. 
routine before dcing a KSET- cr KCSET-*. 

3. KSZT-" commands must be separated by more than two 2 2. 

micrcseccnds. Curing the interim the "controller net ready" bit 2 .■:. 

returned by KSTAT will be one, This time delay pern-its the 2 2. 
commands to be presented to the disk according to the unusually 

slow specifications of CDS's disk urits. 2 2. 

U. Tc perform a seek it is necessary tc load the cylinder 2 2 

register using one KSET-, wait for controller ready, and then 2 2 
start the seek. 

5. The "index sector" indication will remain true (or false) for 2 2 
the entire duration of a sector. 

6. KSE7-- commands with Kf^EWCCWtt must merge a scratch pad 2 2 
register onto the bus because KNEWCC4M is a differert name for 2 2.. 
the REALS function. KNEKCOMM should be used on a FSET- given in 2 2 
the following circumstances: 

clearing the head register; 2 2 

setting the head register; 2 2 

selecting the head; 2 2 

setting the cylinder register; 22 

starting a seek; 2 2 

but "not when changing the state cf read, vrite, and erase 2 2 

(because this will glitch the select head line) . 



_ _ 



7. There is one bit counter per unit. A sector pulse resets the 

bit counter to 9 and generates a sector interrupt request. After 2 2 



2257 
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that tiire word interrupts, if enabled, *ill occur at 4#-bit 
intervals (measured frcir the sector pulse) - This ireans that skew 
of the header record is an integral nuirber cf vord times from the 
sector pulse, Eit clocking is discussed below. 2258 

8. There is cnly cne bit-clocking mechanism per disk unit. When 2261 
a unit is net reading, bit fining is defined fcy the write 
oscillator. When a unit transitions frcir net reading to reading, 2262 
bits are not clocked until the synch pattern is recognized. 
Thereafter bit timing is controlled by the data recorded on the 2263 
disk. The first bit clocked is the first data bit. When reading 2265 
is later stopped, bits will be decked by the urite oscillator 
again. 

9. The synch pattern is a sequence of eight consecutive cne's (4 2267 
ones in top 36"~tits and 4 cnes in the tag bits) . The controller 2268 
must read at least 20 iricrosec cf ali-zerces preamble prior to 

the synch pattern to ensure proper correction for the worst case 2269 
differences in frequency and phase between the write oscillator 
and the read data. The first data word shculd immediately follow 2270 
the synch pattern. 

1£. Feading should be done only over valid precirtle end data. 2272 

If a read is started ever an erased area or ether wrcng- frequency 2273 

pattern, then the phase-lccked leep rray be so badl^ confused that 2274 

it caanct converge tc the correct frequency. If a bad spot 2275 
occurs during a read, several bit tiires elarse before the locking 

circuit loses synch. There are actually two phase-lccked lccps: 2276 

one for coarse lcckir.g, the ether fcr fine locking. The coarse 2277 

locking loop is en when the unit is net reading. As soon as a 2278 

read is started, the fine- locking leep is turned on. The fine- 2279 
locking loop ray net converge if the frequency error is too 

great, and this is the reason why reading should he started cnly 2280 
ever valid preamble. 

11. To start a read cr write at the current arm position, it is 2282 
necessary tc go through the following painful sequence of disk 2283 
ccrrrrands: 

A. Clear the head jrecister. 2286 

B. fcait for "controller not ready" to be £. (afceut 2 us). 2289 

C. Set the head register to the desired value. 2292 

D. fcait for controller ready (about 2 us) . 2295 

E. Select the head. 22 97 

F. fcait 3 us before writing (and erasing) at the selected 2299 
* head. 10 us aray elapse after head selection before 2300 

reliable read data appears. 
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G. 5 us of garbage may be written before valid cata Is 22 

written, 22 

The implications of E, D, and F are that it is impractical 2j 

to do A, C, E and start reading cr writing without timing 22 

separation between their, and since the tiding requirements on 2 2 
interrupt routines are so stringent, it will prcbabiy be 

necessary tc begin operations at a sector as fcllcws: 2 2 

A. During sectcr interrupt, clear the head register. Maybe 23 
the 2 usee wait can be cverlarred so that the head 
register can be set during the sector interrupt routine 
also, 23 

B. If necessary, wait during the first wcrd interrupt, 21 
~" Then select the head. 23 

C. Skip the second wcrd interrupt. 2 3 

D. Start writing or reading nc sccner than the third wcrd 2 3 
interrupt. 23 

12. Vrite gate and erase gate should be turned en in the same 2 3 

microinstruction and net in the sarre' KSET-* that turns read gate 23 
off (or "unit unsafe" cccurs) . 



13. Every record written on the disk should be followed by at 
least nine bits of valid data so that a word interrupt will be 
triggered for the final word of the record. 



24. An erase turn-off "blast" may endanger data 22 us behind the 2 3 
write head. None cf cur contacts at CES are convincing. The 2 3 
purpose of erase is tc narrow the data so that adjacent tracks 
are noise protected by an erased guard band. To insure this 2 3 
erase should be kept on for 21 us after write is turned cff. 
Erase may not be continued for longer than 60 us cr the hardware 2 3 
generates an "unsafe" error. h€ai select shculd reirain stable 23 
for at least 1 us after erase is turned off. 

15. Disk wcrd interrupts may be dismissed by either KRDATA or II 
KWDATA, regardless cf whether readirg, writing, cr nothing is 2 3 
being done on the unit itself. 

16. When a write is started, there are twe hardware buffer words 2 3 
cf interest. One of these is presented for writing en to the 2 3 
disk, the ether for access by KK2A1A. Since the first word of 2 3 
preamble written should be all zeroes, both buffer wcics shculd 

be zeroed during the two wcrd interrupt routines £rior tc the cne 2 3 J 
which turns en the write gate. 



